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STRUCTURAL ANALYSIS OF FARET CORE SUPPORTS UNDER
MECHANICAL AND THERMAL LOADINGS

by

M. M. Chen

ABSTRACT

A structural analysis was made (Sept 1963) of the core
support grid of the Fast Reactor Test Facility (FARET).
This structure consists of three circular plates which form
high- and low-pressure plenums for achieving a coolant
flow distribution. These plates are perforated for insertion
of the fuel rods. The weight of the fuel assemblies and the
coolant pressures in the plenums constitute the principal
mechanical loading of the core support grid. In addition,
thermal loadings arise because of the temperature distri-
butions in the grid.

A general solution has been developed for the stress
analysis of a core support plate which is subjected to these
mechanical and thermal loadings for any rotationally re-
strained edge conditions. The resulting deflections and
stresses were computed for various loading conditions by
use of the IBM-704 computer. For the thermal analysis, a
rotationally symmetric temperature distribution was as-
sumed, varying linearly through the thickness of the plate.
The analysis was based onclassical small-deflection theory
and the concept of the "equivalent solid plate" of O'Donnell
and Langer. The solution was applied to a model which
simulates the FARET core support subjected to a combined
mechanical and thermal loading.

I. INTRODUCTION

The Fast Reactor Test (FARET) program is an experimental pro-
gram directed toward the demonstration of breeder reactors which are es-
sential to the long-range goal of utilizing fertile fuels. 1) The facility is
planned and designed for carrying out experimental work involving both
reactor engineering performance, and reactor dynamics and safety. The
areas of investigation in engineering performance will be those involving
fuel and fuel-clad concepts and designs, high power densities and high tem-
peratures, highfissileatom burnup, and system operating experience ex-
pected in an actual power breeder. The dynamics and safety investigations



will include the determination of nuclear characteristics in connection with
the stability and safety of large dilute systems, and the observation of re-

activity effects due to the change in temperature of fuel, sodium, and clad.
The temperature changes will simulate the actual operating conditions of

a fast breeder. Detailed descriptions of some well-planned experiments

SrelsivenNineR ef s

Because of the particular objectives of the experimental programs,
three separate cores are needed for the FARET reactor, namely, (1) a
zoned core, (2) a medium core, and (3) a small core. The basic plan of
the reactor core is shown in Fig. 1, and the possible core sizes, excluding
the reflectors, are shown in Table 1. Inside each core three types of sub-
assemblies (fuel, control and reflector) comprise the static loading, each
of which conforms to a common design subassembly. Each subassembly
is hexagonal in shape; the outer dimension is 2.29 in. across flats (see
Fig. 2). The weight of each subassembly is 150 1b, and the total static
load of a full complement of subassemblies is about 90,000 1b. All the sub-
assemblies are maintained in a lattice spacing of 2.32 in. (see i, 3
The holes are distributed symmetrically with respect to the center of the
plate and are arranged in an equilateral pattern.

f

36" 08 i
/ 3 4AX. REF. 1.D.
cowtroi koo 2" [l : W G e
CIRCLE MIN. CORE -
Fig. 1 Core Section
Table 1
CORE GEOMETRIES
(Approximate)
Core Parameter Small Core Medium Core Zoned Core
Volume (liters) 40 400 1400
Diameter (cm) 44 95 150
Length (cm) 33 70 120
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The core support grid is formed by three perforated circular
plates. In addition to supporting the fuel, control, and reflector subassem-
blies, it forms the high- and low-pressure plenums from which liquid so-
dium flows into the subassemblies to obtain a cooling effect. The grid
structure itself is supported within the reactor vessel by a core support
cylinder (see Fig. 2). The cylindrical liner, in turn, is supported by a
flange at the reactor vessel wall, shown in Fig. 4. The grid-structure
models chosen for the analysis which characterize the various possible
designs are shown in Fig. 5.
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Fig. 4. Reactor Vessel
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The primary coolant enters into the lower (high-pressure) plenum
through the annular space between the vessel and the core support cylinder.
The upper (low-pressure) plenum receives the coolant from the lower ple=
num through orificed passages in some of the outer subassembly adaptors.
The inlet pressures caused by the pumps may vary from a few psi to 85 psi
in the lower plenum, and from a few psi to approximately 45 psi in the up-
per plenum. The maximum design pressure imposed by the planned experi-
ments is 85 psi (see Table 2).

Table 2

PRELIMINARY DESIGN REQUIREMENTS OF FARET REACTOR(Z)

Inlet and Outlet Inlet Core
Flow Rate
Core @1000°F) Pressure Change | Temperature | Temperature
(gpm (psi @6000 gpm) (&) Increase (°F)
Small 600-6000 85 600-1000 0-240
Medium 600-6000 85 300-400 0-100
Zoned 600-6000 85 300-400 0-100

Il
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The inlet and outlet temperatures of the coolant vary according to
flow rates and types of operation. For normal operation, with a heat re-
moval capacity of 50 MW, the inlet and outlet temperatures are considered
to be 600°F and 840°F, respectively. For the highest mode of operation, the
inlet temperature may be 1050°F and occasionally rise as high as 1200°F,
The maximum temperature increase may be as much as 300°F. A temper-
ature of 1200°F is currently considered as the upper limit for the construc-
tion materials of interest, such as stainless steels. The physical properties
of these materials have been used in the numerical examples of this study.

The temperature requirements imposed by experiments for various
cores are also shown in Table 2. The changes in temperatures in the core
support region, however, are expected to be transient in nature. This may
be caused by a mismatch of the reactor power with the coolant flow rates
in the primary and secondary systems. Typical temperature variations for
the plates of the FARET model considered in this report will be shown in
Section III.

In Section II, a bending analysis is made of the perforated plates of
a core support based on the design requirements of static, internal pressure,
and thermal loading conditions discussed above.
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II. ANALYSIS

Nomenclature
W lateral deflection of plate midsurface
h plate thickness
a plate radius
p laterally applied pressure
T temperature distribution, Eq. (3)
a coefficient of linear thermal expansion
E,E*¥ Young's modulus and effective Young's modulus of the perforated
plate depending on ligament efficiency,(3) respectively
v, v¥ Poisson's ratio and effective Poisson's ratio of the perforated
plate depending on ligament efficiency, 3 respectively
D* E*h3/12[l - v*2], flexural rigidity of the perforated plate(3)
Or Radial stress
og Circumferential stress
o, Radial membrane stress
oé Circumferential membrane stress
M, Radial bending moment per unit circumferential length
MQ Circumferential bending moment per unit circumferential length
M; Thermal moment per unit circumferential length
k Rotational restraint factor
A B, Temperature constants (where n = 0, 1, etc.)
e ii—zz +—IE , Laplacian operator
dr i
r,z radial and axial coordinates, respectively

The calculation of stresses and deflections of a reactor core support

system is one of the major undertakings during the preliminary stage of a
reactor design. The three perforated plates of the core support structure
considered in this report will be designated as the top, middle, and bottom
grid plates (see Fig. 6). The perforations of these plates are in an equilat-
eral triangular pattern so that the "equivalent plate theory" of O'Donnell
and Langer 3) is applicable.
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Fig. 6

Coordinate Systems
oW for a Circular Plate

0 { )M
r

N

z,W

The static load due to the various subassemblies is applied only to
the top plate, whereas internal pressures and thermal gradients are ex-
erted on all three plates. The boundary conditions are such that the de-
flections must vanish and that the angles of rotation may vary on the
boundary in an arbitrary manner. In the following, a bending analysis for
a perforated circular plate under prescribed loads is developed. The
classical linear theory is used.

The governing differential equation(4) for the bending of circular
plates made of an isotropic material of uniform thickness subjected to a
temperature gradient and a lateral pressure is extended to the perforated
case as follows:

1
%k 72 72 = 2
DVVW-p-l_V*VMt (1)

where
h/2
M, = aE*f Tz 8 d =
t L z dz (2)

The coordinate system used is shown in Ehp.N6s

The temperature is assumed to vary linearly through the thickness
Of th? plate and to be axially symmetric. It is assumed that the temperature
distribution can be expressed by a convergent power series:



15

T(r.z) = Tolr) - 3 3 At (3)

where the A))'s are constant and A,,r™ has the same dimension as tempera-
ture. The radial temperature distribution at the midsurface of the plate is
given by To(r). It is seen from Eq. (3) that the temperature decreases as

z increases if the Aj have positive values. The terms containing AjrR
represent the temperature difference between the upper and lower faces for
various values of r (Fig. 7). It is to be noted from Eq. (2) that the thermal
moment vanishes when temperature variations with z are symmetrical with
respect to the midsurface of the plate. The solution for membrane stresses
due to thermal forces has been found previously.(4r5) The determination of
the combined bending and membrane stresses for the core support model
will be given in Section III.

1.2 T l T I T | T T

AT = A r

0.6 — e

AT
AT(a)

0.4 +— =

n=2,
n=4,
n=5

|~

Fig. 7. Variation of AT for Various Values of n

The mathematical boundary conditions for a simply supported or a
clamped plate are generally expressed by the following equations:
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2 s 0; W()=0; Mga)=0 (4a, 4b, 4c)
dr
for simply supported plates, and
g 0; W(a)=0; i 0 (52,555 c)
dr ’ dr

for clamped plates. However, neither of the limiting conditions, Eq. (4c) or
Eq. (5¢), is encountered in practice. For example, the clamped condition at
the edge is rarely realized because no practical mounting can be built for a
plate support with infinite rigidity. The question as to whether the plate is

simply supported or clamped depends upon the relative stiffness of the plate
and its support, and the means of joining. The exact degree of restraint re-

quires experimental verification.

In this report an edge rotation restraint factor, k, is introduced such
that the angular displacement at the edge of the plate can be taken to be any-
where between the limiting cases of Eqs. (4c) and (5¢). This restraint factor
along with the energy method has been used in Ref. 6 to analyze the EBR-II
reactor grid structure. The boundary conditions for a rotationally re-
strained plate can be stated as follows:

leVr(O) e (4a, 4b)

for all edge conditions, and

dw(a) =

- O Dok I e T S e S S R (6)

where 0 =k=1. For the simply supported case k = 0, and for the fully re-
strained edge k = 1.

Solution of Egs. (1), (2), (3), (4a), (4b), and (6) yields
v (R) 0o oA - 2o 202y (2)]

At 2yt 3 {[, - derali o)

n=o

oo - 2]y

()7} &



provided the pressure is uniform. For a nonuniform lateral pressure,
P = p(r), a particular solution, Wp, may be obtained through the successive
integration:

55
w (1‘ f / i, bk * i pln) dr,dr,drsdr,. (8)
Ts —DF

The arbitrary constants for the general solution must be determined from
the boundary conditions, Eqs. (4a), (4b), and (6).

If there is no thermal gradient, the solution of Eq. (7) for k = 0, and

k = 1, reduces the deflections due to the mechanical load obtained in Ref. 7.

Similarly, for the thermal gradient only, and for k = 0 and k = 1, Eq. (7)
reduces to the solution obtained in Ref. 8.

The radial and circumferential bending moments are related to the
lateral deflection and thermal moment as follows: (4)

2 * M
Mr= _D*(dVZ+2 dW)_ t - (9)
dr redr 1 - p*
2 M
Mg = _D*(ldw.;.y*ﬂ)__t, (10)
TdT dr? 1 - v¥

The radial and circumferential stresses at the upper and lower faces of the
plate are related to the bending moments:

oy = 6My/h% (f109)
op = 6Mg/h% (12)

The sign conventions of these quantities are indicated in Fig. 6.

Substitution of Eq. (7) into Egs. (9) and (10) yields, respectively,

R = (B (3 o020 - o0 (2

3]

: 12(?-1,*) Z (infr;) [(1 Sk 0k) - (1 _V*)(i)n]; (13)
n=o

17
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Ty = 1 () (%)Z [ #vx-20) - (1+3v*)(§)2]

2 12(1a-v*) Z {:ﬁa;) [(l—v*-Zk) - (n+1) (1-y*)<£)n], A

n=o
where K_/Ir and MQ are nondimensional quantities:
M, = M. /(E¥n?); Mg = Mp/(E*h?).

The temperature variation AT is defined as A,r"™, and its graphical repre-
sentation for n = 0 ton = 5 is shown in Fig. 7. The bending stresses can
be obtained from Egs. (11) to (14) for a given AT. The application of the

solution obtained to the preliminary design of the FARET reactor grid plates

is shown in the next section.
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III, APPLICATION TO FARET REACTOR GRID PLATES

A. Core Model and Loading Conditions

Atypicalmodelof the FARET grid plates is shown in Fig. 8. The mid-
surface istaken at z = 0 for eachplate, and the same symbols asused inSec-
tion IT are used for all three plates. The loading conditions due to the static
load, internal pressure, and temperature variations are shown in Table 3

l STATIC LOAD = 90,000 Ibs

TOP GRID PLATE h [—> r :
T | i Fig. 8
Z,W 4P =10 psi
Coordinate System and Mechan-
- Al
MIDDLE GRID PLATE ———— - _‘T = S ical Loads for Model of FARET
1 lap =75 psi Grid Plates
“APfaEpsi
BOTTOM GRID PLATE - -
|

Table 3

LOADING CONDITIONS FOR FARET MODEL
(See Figs. 8 and 9)

Loads Temperature Distribution** (°F)
Static Load (1b) | Ap (psi)

Plates B, B,a A, Aja
Top 90 000* -10 0 ST 0 -25
Middle 0 -75 25 30 -50 10
Bottom 0 85 25 10 -50 0

* The static load is assumed to be uniformly distributed
over the entire plate.

** The temperature distribution is expressible as follows:

T(r,z) = By + Byr -%(A°+A1r) (15)

and in Figs. 8 and 9. It is seen from Table 3 that whenn = 0 and n = 1, the
term Ty(r) in Eq. (3) takes the following form:

Tolxr) = Byt By, (16)

where By and B; are constants, and B;r has the same dimension as temper-
ature. The above postulated temperature distribtuions in the grid plates



are based on the assumption that the coolant temperature at the inlet to t‘he
structure changes occasionally as much as 50°F during a fxl'action of a min-
ute. Such a change in temperature might be caused by a mismatch of the

reactor power with the coolant flow rates in the primary and/or secondary

systems.

~I—=

T(°F)

=

i

(a) TOP GRID PLATE (b) MIDDLE GRID PLATE (c) BOTTOM GRID PLATE

Fig. 9. Temperature Distributions for FARET Model

Assuming this rapid 50°F change, it was estimated that the thermal
response of the grid plates would be slow enough to produce the z-direction
temperature gradients used. The temperature gradient in the r-direction
is based on the effects of coolant-transport time as well as energy losses
from the coolant as it passes the structure, which is at a lower temperature.
These temperature considerations are based on the small-zone core con-
figurations; on the other hand, the static load is calculated for a full comple-
ment of 595 fuel elements acting on the top plate of the zone core. This
corresponds to the highest thermal and static stresses, respectively.

B. Deformation of Grid Plates

It is seen from Eq. (7) that the lateral deflection due to a uniform
temperature distribution across the plate, i.e., n = 0, and linear temper -
ature distribtuion, i.e., n = 1, is determined by

O I (XS T R RS Tl (BT

a

R () a1 - 0K [ LW ()R 2

(17)
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The maximum deflection occurs at the center (r =0) of the plate. The dis-
tribution of deflections due to the loadings as described in Table 3, for

k = 0, 0.25, 0.5, 0.75, and 1.0, are plotted in Figs. 10 to 12 for the top plate
only. It is to be noted that the lateral deflection of the bottom plate is
caused by the internal pressure and A, only, since A; = 0 (See Table 3).

This deflection can be obtained through interpolation by using the numerical
results for the middle plate.

5

R e

- P = 30 psi 4
E* = 2.014 x 10° psi

= »* = 0.605 |
@ =10.36 x 10°° in/in-°F
a
§=85 o
AT = -25°F

3

Fig. 10

x 10
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Deflection Distributions for
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Fig. 11 3

°

x

Deflection Distributions for ==
Top Plate, AT = -25°F

Illlllllllllllllljg_.

ll||ll||l

g 1 I L | 1
0.2 0.4 0.6 0.8 1.0

o



22

P = 30 psi -
E' = 2.014 x 10 psi
* = 0.605

210,36 x 107 in/in-F —“

v
a

3
W-S.S

x 10°

ERIo T 112

L]
h

Deflection Distributions for Top
Plate, Combined Pressure and
Temperature Effects

In the calculations, the effective modulus of elasticity, BFiorals
taken as 2.014 x 10° psi and the effective Poisson's ratio, ¥*, as 0.605.
These values correspond to Type 316 stainless steel at a service temper-
ature of 1000°F, and were obtained from Fig. 21 (in Section C, below) for
the given perforation of the plate. The coefficient of linear thermal ex-
pansion, a, was taken as 10.36 x o= in_/(in.)("F)‘ The internal pressure
of 10 psi acting upward on the top plate (See Table 3) was not included in
the computation. In the calculation of stress and displacement distributions,

the thickness of the top, middle, and bottom plates were taken as 6, 4, and
4 in., respectively.

The total deflections for the top plate, including A,, are plotted in
Figs. 13 to 15. The deflections due to pressure and temperature were com-
puted separately(see Figs. 10, 11, 13, and 14). The deflections due to the
combined loadings are shown in Figs. 12 and 15. The maximum deflections

of the grid plates are summarized in Table 4 for three types of support,
namely, k = 0, 0.5, and 1.0.
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Plate Thickness,
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Fig. 15

Maximum Deflection vs. Plate
Thickness, Combined Pressure
and Temperature Effects
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Table 4

MAXIMUM DEFLECTIONS (in.) FOR GRID PLATES

Type of Support
Plates
&= @ k= 1.5 s = k)
Top 2
(h=6 in.) .57 5= 10 4,25 x 1073 9.22 x 10
Wmax
= Middle &
(h=4 in.) =) 57 v G2 =857 s e -1.99 x 10
Bottom 2
(h=4in.) (5,80 s )57 4.34 x 1072 23280

C. Stress Components

1. Bending Stresses

The radial and circumferential stress components can be found
by substituting Eq. (15) into Eqs. (13) and (14) and then into Eqgs. (11) and (12):

5 =52 (2) [(3+ VXL 2K) - (34 v%) (%)ZJ

Ayak aA,a
P Al [(-1+V*+2k2+(i):| (18)

2(1- v¥*) 6 (1- v¥)

a
and
Ty = LD (3+v*-2k) - (143v%) (i)z
8 E*X h a
+2(?+a51)+ “213[%*;%21<)+2§]’ (19)
TACHE By = Or/E* and Gy = og/E* are nondimensional radial and circum-

ferential stress components due to bending.

It is seen from Eqs. (18) and (19) that the constant thermal-
stress term A, ak/[2(1 - v*)] depends on the uniform temperature A, only.
In Figs. 16 and 17, the total distributions of the radial and circumferential
stress components including the constant term are plotted for the top plate.
In Figs. 18 to 20, the stresses at the center of the plate and the radial cir-

cumferential stresses at the plate edge are plotted versus plate thickness
for p = 30 psi and AT = -25°F.
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2. Membrane Stress Components

The radial and circumferential membrane stresses are due
only to the temperature distribution To(x),

case. Since there is no external force app
the membrane stress components are(4)

or By and B;r, for the present
lied to the plane at the boundary,

O r
] - 5 ity 1l
o, = aE = Tor dr & - f Tor dr (20)
0

0

and

o
1]

a T
1
aE*( - T°+;f Tor dr +;lz-f Tor dr) ; (21)
0 0

where primes are used to denote the membrane stress.
Eq. (16) into Eqs. (20) and (21) yields

Ev = aB_la' <1 _i)

Substitution of

i 3 a (22)
and
- aB,a r
Lo L= e [ Ra
5 . 2 (a) , (23)
where 0L = o'r/E* and 6'9 = G /E* are nondimensional radial and cir-

cumferential membrane stresses. The numerical results for typical load-
ings are shown in Tables 5 and 6. It is seen from these tables that the
membrane stresses are comparable with the bending stresses in the top

Table 5 Table 6
RADIAL STRESS DISTRIBUTION FOR A TYPICAL CIRCUMFERENTIAL STRESS DISTRIBUTION FOR A TYPICAL
LOADING CONDITION (k = 0) LOADING CONDITION (k = 0)
L I rla=0 l 0.2 I 0.4 I 0.6 L 0.8 I 1.0 1 I l rla=0 [ 0.2 I 0.4 I 0.6 I 0.8 l 10 |
A. Top Plate (h=6 in.) A. Top Plate (h=6in.)
1.036 07717 0.518 0.259 0 g x 107 1.295 0.777 0.259 | -0.25%9 | -0.777 | -1.295
6.193 5376 4,071 2.219 0 g X 104°° 6.523 6.160 5417 4.293 2788 0.903
7.229 6.153 4.589 2.538 0 Sum x 104 1.818 6.937 5.676 4.034 2011 | -0.392

B. Middle Plate (h=4 in,) B. Middle Plate (h=4in.)

0.829 0.622 0414 0.207 0 5 x104° 10% | 0622 | 0207 | -0.207 | -0.622 | -1.036
-3.303 -2.889 -2.200 A 0 %5 x 103" 3444 | -3330 | -3.002 | -2460 | -1704 | -0.734
B2 | 287 | 215 | -126 0 Sum x 10 43340 | -3.268 | -2.981 | -2481 | -1766 | -0.838

C. Bottom Plate (h=4 in,)

B x 10 0345 0.276 0.207 0318 0.691

C. Bottom Plate (h=4 in.)

0 5 x10% 0.345 0207 | 0691 | -0691 | -0.207 | -0.345
Gp 1097 i MBS ABERINEATE | 1 | ¢ B 109 | 383 | 376 | 3398 | 2792 | 193 | o851
sumx 103 3.918 3736 3.283 2517 1461 | o0 Sum x 102 3918 | 3783 | 3467 | 2723 | 192 | 0816
omt otes radial membrane stress, Eq. (22). &
. Z, z:ules radial bending stress due to pressure and temperature * Gg denotes circum!erem!al meml_)rane stress, Eq. (23).
constants, Ap and A1, Eq. (18). ** 8 denotes circumferential bending stress due to pressure and

temperature constants, Ag and A, Eq. (19).
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plate, which is thicker than the others, and that the membrane stresses in
remaining plates can be neglected. The underlined quantities are the
maximum stresses for each plate.

D. Ligament Efficiency

The method of calculating stresses and deflections in a perforated
plate wiEh a triangular penetration pattern has been given by O'Donnell and
Langer. They reduced the perforated plate to an "equivalent solid plate"
problem by reassigning values to the elastic constants. The effective elas-
tic constants E* and p* of the "equivalent solid plate" having the same di-
mentions of the perforated plate are obtained in Fig. 21. The quantities E*
and v* depend on the ligament efficiency (ligament efficiency = H/R, see
Figs. 3 and 21), and their variations versus ligament efficiency for
H/R > 4 is shown in Fig. 21. If E* and v* are known, the numerical bend-
ing and membrane stresses and deflections of an equivalent plate can be
calculated from the equations derived in the previous sections. Deflections
of the perforated plates are the same as the deflections of the equivalent
solid plates. In the FARET core currently considered, 2R = 2.32 in. and
2H = 0.375 in. (see Fig. 3). The ligament efficiency is found to be 0.162.
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E. Limit Stresses for Design of Perforated Plates

In order to design a perforated plate under combined mechanical
and thermal loadings, it is proposed in Ref. 3 that ligament stress intensity
and peak stress intensity should be the limiting stresses. The ligament
stress intensity Oeff, whose calculation is based on the maximum-shear
theory of failure, is the average stress across the minimum ligament sec-
tion, but not through the thickness of the plate. The peak stress intensity
Omax is the maximum local stress due to mechanical and thermal loads.
However, the peak stress intensity, being localized, is not considered to
be the most significant. It is of interest only when it is repeated often
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enough to produce fatigure. Reference 3 states that for a perforated plate
under combined mechanical and thermal loadings:

19 : The ligament stress intensity Oggf should be limited to 3 S
where Sy, is the allowable stress which, according to the 1959 ASME Boiler
Code, should not exceed 5/8 of the yield strength of a ferrous material,

g 2. The peak stress intensities Omax due to any loading should be
limited by the cumulative fatigue damage, as described inRefs. 9,10, and 11.

In the following a sample calculation of the ligament stress intensity
Oeff and peak stress 05y is given for the top plate. From Table 5, it is
seen that the maximum stress occurs at the center of the plate, and that both
the radial and circumferential stresses are the same, i.e., Gy = © =

- i 5.5
7.8 x 10~%, The quantity G, by definition, equals the larger of |G| and | g |
(see Ref. 3).

Therefore,
G .8 x 10°%
Since

E* = 2.014 x 10° psi,

1

@ = 1574 psi,
it is found from Fig. 10 of Ref. 3 for
Er/59 =ak

that the stress intensity factor K = 1. Therefore, the ligament stress in-
tensity can be found as follows (see Ref. 3):

R 2.32 )
Oeff = K(i) 01 = 5375 x 1574 = 9738 psi.

Peak stress is defined in Ref. 3 as
Omax = YO; + p,

where p is the pressure acting on the surface and Y the stress ratio, de-
pending upon the ligament efficiency and the state of stresses.

The value Y = 7.6 is obtained from Fig. 12 of Ref. 3 for a ligament
efficiency of 0.162. Therefore,

Omax = 7.6 x 1574 + 30 = 11992 psi.
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The stress intensities are calculated similarly for the middle and bottom
plates. Results are shown in Table 7., For the same ligament efficiency,
and depending on the allowable stresses Sy, it is seen that the thickness of
the top plate could be reduced and the thicknesses of the remaining plates
could be increased. Such an adjustment of the plate thickness would im-
prove the design. Calculations based on the methods of this report would
then have to be repeated with the new plate dimensions.

Table 7

LIGAMENT STRESS INTENSITY
Ocff AND PEAK STRESS
INTENSITY Opyax FOR FARET
MODEL (k = 0)

(psi)
Stress
Intensities
Oeff Omax
‘Plates
Top 9700 12000
Middle 41600 51100

Bottom 48800 60000
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IV. CONCLUDING REMARKS

A general solution for the bending of a core support plate subjected
to mechanical and thermal loadings was obtained. The solution incorporates
boundary conditions having varying degrees of rotational constraint. How-
fever, to evaluate the effectiveness of the constraint provided by the support-
ing structure, one must resort to experimental techniques for establishing
the rotational effectiveness. The optimum values of k, the rotational re-

straint factor, can be obtained by invoking the theorem of minimum total
potential energy.

Although the report considers only linear temperature variation
through the thickness of the plate, other variations can be readily treated

through Eq. (2). The solution obtained was applied to the FARET core sup-
port model.

The method of solution can be extended to ring plates, stepped plates,

and plates with variable thickness subjected to mechanical and thermal
loadings.
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